In this study, quantitative and pattern recognition analysis for the quality evaluation of Magnoliae Flos using HPLC/ UV was developed. For quantitative analysis, eleven major bioactive lignan compounds were determined. The separation conditions employed for HPLC/UV were optimized using ODS C18 column (250 × 4.6 mm, 5 µm) with isocratic elution of acetonitrile and water with 1% acetic acid as the mobile phase at a flow rate of 1.0 mL/min and a detection wavelength of 278 nm. These methods were fully validated with respect to the linearity, accuracy, precision, recovery, and robustness. The HPLC/UV method was applied successfully to the quantification of eleven major compounds in the extract of Magnoliae Flos. The HPLC analytical method for pattern recognition analysis was validated by repeated analysis of twenty one reference samples corresponding to seven different species of Magnoliae Flos and nine samples purchased from market. The results indicate that the established HPLC/UV method is suitable for the quantitative analysis and quality control of multi-components in Magnoliae Flos.
Introduction
Herbal medicines have a long history in therapeutic field and they are attracting considerable attention because of low toxicity and excellent therapeutic benefit. Quality control in synthetic drugs is conducted by measuring their medicinal components whereas quality control in herbal medicines traditionally measuring a representative compound (a marker compound) contained in the herbal medicines. Herbal drugs, individually and in combination, contain a myriad of compounds in complex matrices in which no single active constituent is responsible for the overall pharmacological efficacy. Therefore, quantitation of one or few components will not be an adequate approach for quality control of herbal medicines. Fingerprint analysis/pattern recognition with multivariate statistical analysis can provide the information of overall chemical composition of herbal medicines including the marker compounds traditionally used for quality control. 1 Magnoliae Flos is the dried flower bud of Magnolia denudata or the other species in the Korean Pharmacopeia (K.P.), of Magnolia salicifolia Maximowicz, Magnolia kobus De Candolle, Magnolia biondii Pampanini, Magnolia sprengeri Pampanini or Magnolia denudata Desrousseaux in the Japanese Pharmacopoeia (J.P.), and of Magnolia biondii Pamp., Magnolia denudata Desr., or Magnolia sprengeri Pamp in the Chinese Pharmacopoeia (C.P.). Magnoliae Flos is controlled to contain not less than 0.4 % of magnolin in C.P. There are ten different species of Magnoliae Flos: M. denudata Desr., M. biondii Pamp., M. salicifolia, M. obovata Thunb., M. denudata var. purpurascens, M. quinquepeta var. gracilis, M. liliiflora Desr., M. kobus, M. sprengeri Pamp, and M. grandiflora L. We collected seven different species of Magnoliae Flos for this study from Korea and China. The drug was collected between late winter and early spring before flowering, removed from branchlet, and dried in the shade. Pharmacological studies have revealed in to have neuromuscular bloking, 2 inotropic effect, 3 anti-inflammatory, [4] [5] [6] [7] anti-allergy, 8 anti-angiogenic, 9 PAF receptor antagolist 10 and vasorelaxant activities. 11 HPLC-UV analytical methods for biondnoid I, 12 magnolin, 13 magnolin and fargesin, 14 and magnolin and anthricin 15 had been reported. However, quantitative and pattern recognition analyses more than two marker compounds from Magnoliae Flos have never been reported. Therefore we developed multi-compounds quantitative analysis and pattern analysis to control the quality of Magnoliae Flos.
Some HPLC/UV analytical methods have been developed for the analysis of Magnoiae Flos and its related products. 13, 14, 16 However, these studies were focused only quantitative analysis of selected marker compounds which are not promising approaches for the quality control of multi-component herbal drugs. In the present study, a simple, sensitive and precise reversephase HPLC/UV method has been developed for the quantitative determination of eleven marker lignan components, eudesmin (1), magnolin (2) , lirioresinol dimethyl ether (3), epimagnolin (4), aschantin (5), kobusin (6) , fargesin (7), burchellin (8), 5-allyl-5-methoxy-3-methyl-2-piperonyl-2,3,5,6-tetrahydro-6-oxo-benzofuran (9) , ((1S,5S,6S,7S)-5-allyl-6-methyl-3-methoxy-7(3',4'-dimethoxyphenyl)-bicyclo[3.2.1]oct-3en-2,8-dione (10) and (2R,3S,3aR)-3a-allyl-5-methoxy-3-methyl-2-piperonyl 2,3,3a,6-tetrahydro-6-oxobenzofuran (11) along with pattern-recognition method for the quality control of Magnoliae Flos extract. The anti-platelet-activating factor activity of lignans and neolignans such as compounds 1~6 17 from M. biondii and 7~11
18 from M. denudata had been reported. Thus, these bioactive marker compounds are very useful to pattern recognition analysis. The twenty one Magnoliae Flos authentic samples collected from China and Korea and nine Magnoliae 26 and (2R,3S,3aR)-3a-allyl-5-methoxy-3-methyl-2-piperonyl 2,3,3a,6-tetrahydro-6-oxobenzofuran. 26 Their purities were above 95% as determined by HPLC and LC-MS/MS analysis, and the standard compound structures were shown Fig. 1 . Internal standard, propyl 4-hydroxy benzoate (12) was purchased from Sigma Chemicals (St. Louis, MO, USA). Methanol and acetonitrile of HPLC grade were purchased from Merck K GaA (Darmstadt, Germany). All other chemicals used were of analytical grade unless otherwise noted. Distilled water was prepared using Milli-Q purification system (Millipore, Bed-ford, MA, USA).
Sample preparation. To determine the content of eleven marker compounds and pattern recognition analysis of Magnoliae Flos samples, the dried flower bud powder were used for each extraction. Magnoliae Flos sample was powdered and through 50 mesh, and about 3 g of the powder were accurately weighed and added 50 mL of methylene chloride, accurately measured weigh and ultrasonicated for 45 min. at room temperature. The solution was cooled, weighed again, and made up the loss in weight with methylene chloride. The solution was filtered through a 0.45 µm membrane filter and the filtrate was used as the test solution. 10 µL of sample solution was subjected to injection into the HPLC system. HPLC/UV condition. The HPLC equipment was a Waters HPLC system (Waters, Milford, MA, USA) with Waters 600 pumps, a Waters 486 UV detector and a Waters 717 autosampler. YMC ODS-H80 (250 × 4.6 mm, 4 µm), Shiseido capcell pak (250 × 4.6 mm, 5 µm) and Shodex ODS pak (250 × 4.6 mm, 5 µm) columns were tested with the guard columns filled with the same stationary phase. A mixture of 100% acetonitrile and 1% acetic acid of water (38:62, v/v %) was used as the mobile phase. The mobile phase was filtered under vacuum through a 0.45 µm membrane filter and degassed prior to use. The analysis was carried out at a flow rate of 1.0 mL/min with the detection wavelength set to 278 nm, and the total run time was 60 min. All compounds could be resolved with baseline separation at 278 nm with the maximum absorption. Hence, characteristic chromatographic patterns were obtained at 278 nm. The chromatograms were processed using software Empower pro system. Analytical method validation. Linearity: The calibration curves were made by diluting the stock solutions with 100% methanol. The reference solution of the eleven lignan compounds at concentrations of 620 ~ 50,000 ng/mL was analyzed by HPLC/UV. The regression equations were calculated in the form of y = ax + b, where y and x correspond to peak area and compound concentration, respectively.
Recovery, precision and accuracy: For the preparation of the crude extract, the powders of the dried flower bud of Magnoliae Flos were sieved through a 50 mesh. The recovery, precision and accuracy test were executed by mixing a powdered sample (3.0 g) with three control levels (20%, 50%, 100%) of the reference compounds. The mixture was then extracted by sonication with 50 mL of 100% methylene chloride at room temperature for 45 minutes. The extract solution was filtered through a 0.45 µm membrane. The HPLC/UV analysis experiments were performed in triplicate for each control level. The data was compared with those from the standard solution and extracted sample.
Pattern recognition analysis: The twenty one authentic samples of Magnoliae Flos were chosen as references for the quality control of Magnoliae Flos. To evaluate the phytochemical equivalency among the thirty samples corresponding to twentyone authentic and nine commercial ones, pattern recognition analysis was conducted. In this study we used four marker compounds (eudesmin (1), magnolin (2), aschantin (3) and burchellin (4)) for pattern recognition analysis.
Results and Discussion
Optimization of chromatographic condition. The HPLC conditions were selected by the requirement for obtaining the chromatograms with a better resolution of the adjacent peaks within a short retention time. For the optimization of chromatographic 
condition, the effect of the composition of mobile phase on the separation was examined. Mobile phase of water-methanol did not result in the satisfactory separation of structurally similar compounds such as magnolin and eudesmin. Acetonitrile as an organic modifier demonstrated a significant improvement on separation. We had tested the addition of 0.1%, 1% and 10% acid (acetic acid, formic acid and phosphoric acid) to the mobile phase to do experiment. The addition of 1% acetic acid to the mobile phase to all of the compounds resulted in a good resolution, as well as satisfactory peak symmetry and shape. All compounds could be resolved with baseline separation at 278 nm with the maximum absorption. Hence, characteristic chromatographic patterns were obtained at 278 nm. The typical chromatograms of samples and standard mixture are shown in Fig. 2 , from which one can observe that all target compounds and internal standard are completely separate within 60 minutes. Propyl 4-hydroxy benzoate (12) was selected as internal standard. The chromatographic peaks of the analytes in sample solution were identified by comparing their retention time with those of the references standards and further confirmed by spik- 9. 5-allyl-5-methoxy-3-methyl-2-piperonyl-2,3,5,6-tetrahydro-6-oxo-benzofuran 10.
ing samples with the reference compounds. Optimization of sample preparation condition. Six extracting solvents, hexane, methylene chloride, ethyl acetate, acetone, ethanol and methanol were compared with regard to sample assays using sonication extraction. When sample was extracted with methylene chloride, the sample assay was higher than the other solvent samples. Therefore, we employed methylene chloride as an extracting solvent throughout this work (Fig. 3) . Two extraction methods, ultra-sonication and reflux using methylene chloride extraction solvent, were compared with regard to sample assays. When used for sonication extraction method, the sample assay was higher than reflux one (Fig. 4) . To determine the time needed to obtain complete extractions, extractions of a sample were performed for four different length of time (15, 30, 45 and 60 min). The rest of the variables employed were: room temperature, methylene chloride solvent and sonication extraction method. When extracted time was 45 min, the sample assay was same as 60 min, and higher than 15 and 30 min (Fig. 5) . Therefore, when extracted time was 45 min, all of the compounds were sufficiently extracted.
Validation. Linearity, LOD and LOQ:
The linearity of the peak area ratio with respect to the concentration was examined under optimal HPLC/UV conditions and is described as a regression equation. Each coefficient of correlation (r 2 ) was > 0.999, as determined by least square analysis, suggesting good linearity between the peak areas and the compound concentrations over a wide concentration range. (Table 2) The limits of detection (LOD) were evaluated based on the lowest detectable peak in the chromatogram having asignal-to-noise (S/N) ratio of 3. Under our experimental conditions, we listed LOD and LOQ in Table 2 . The obtained values for both LOD and LOQ for these eleven standards were shown to be low enough to detect traces of these compounds in either crude extract or its preparation.
Recovery: The extraction recovery test was performed by extracting a known amount of the eleven compounds from the Magnoliae Flos powder samples. A known amount of each standard compound at three different levels was mixed with the sample powder and extracted, as described in the experimental section. The % recovery of each standard ranged from 95.1 to 104.9%, and the RSD was less than 1.5% (Table 3 ). The average recovery was represented by the formula: R (%) = [(amount from the sample spiked standard -amount from the sample)/ amount from the spiked standard] × 100. Precision and accuracy: Precision and accuracy were determined by multiple analysis (n = 3) of quality control samples prepared at lower, medium and higher concentration spanning the calibration range. Intra-assay precision and accuracy were determined from the variability of replicate analyses of quality control samples analyzed within the same analytical run. The remaining quality control samples had the intra-assay precision below 4.73% and accuracy between 92.58% and 105.13%. Inter-assay precision and accuracy were evaluated from the variability of triplicate analyses of quality control samples analyzed on single analytical run and extended for consecutive five days. The remaining quality control samples had the inter-assay precision lower than 3.28% and accuracy between 92.80% and 109.96%. The above data reflects that the developed method is highly reproducible and precision and accuracy data are presented in Table 4 .
Robustness: The robustness was determined in order to evaluate the reliability of the established HPLC methods. All of the parameters were maintained so there would not be any interference with the other peaks for the Magnoliae Flos extract. The experimental conditions, such as the column temperature and column species were purposely altered. The theoretical plate (N), capacity factor (k'), separation factor (α) and resolution (Rs) were evaluated. To evaluate the suitability of three different columns, YMC, Shiseido and Shodex, were compared with regard to four analytical factors (theoretical plate (N), capacity factor (k'), separation factor (α) and resolution (Rs)) on the column temperature of 25 o C. When used YMC column, the values of resolution and theoretical plate were higher than Shiseido and Shodex ones ( C. the resulting data indicate that all marker analytes remained stable more than 98% during the experimental period.
Sample analysis. The developed HPLC/UV method was then applied to the simultaneous determination of the eleven compounds, eudesmin (1), magnolin (2), lirioresinol dimethyl ether (3), epimagnolin (4), aschantin (5), kobusin (6), fargesin (7), burchellin (8), 5-allyl-5-methoxy-3-methyl-2-piperonyl-2,3, 5,6-tetrahydro-6-oxo-benzofuran (9), ((1S,5S,6S,7S)-5-allyl-6-methyl-3-methoxy-7(3',4'-dimethoxyphenyl)-bicyclo[3.2.1] oct-3en-2,8-dione (10) and (2R,3S,3aR)-3a-allyl-5-methoxy-3-methyl-2-piperonyl 2,3,3a,6-tetrahydro-6-oxobenzofuran (11) in the Magnoliae Flos. Twenty one authentic Magnoliae Flos samples corresponding to seven other Magnoliae Flos species and nine commercially available Magnoliae Flos samples were obtained from Korea and China. The developed analytical method was subsequently applied to the simultaneous determination of the eleven components in Magnoliae Flos extract. The quantity of each compound present in samples was determined and the results are summarized in Table 7 . Each sample was analyzed in triplicate to ensure the reproducibility of the quantitative result. The results indicated that, magnolin (2.7 -3.7%), eudesmin (0.5 -1.7%) and epimagnolin (0.1 -0.9%) were found to be the most abundant components in M. biondii, whereas eudesmin (0.4 -0.8%) and aschantin (1.2 -2.3%) in M. kobus and M. salicifolia, and burchellin (1.1 -2.5%) and (2R,3S,3aR)-3a-allyl-5-methoxy-3-methyl-2-piperonyl 2,3,3a,6-tetrahydro-6-oxobenzofuran (1.8 -4.9%) in M. denudata. M. liliiflora, M. denudata var. purpurascens and M. quinquepeta var. gracilis contained the standard compounds 8~11, therefore these three species of Magnoliae Flos clustered one group, and the most abundant component was (2R,3S,3aR)-3a-allyl-5-methoxy-3-methyl-2-piperonyl 2,3,3a,6-tetrahydro-6-oxobenzofuran (0.9 -4.6%). In the quantitative analysis of Magnoliae Flos we indicated that the Magnoiae Flos samples clustered three groups same as mentioned below. Pattern recognition analysis. From the pattern analysis of Clara ( Fig. 6 and Fig. 7 ) and Hclust analyses (Fig. 8) , we indicated that all of the samples were clustered to three groups (A~C); A: M. biondii, B: M. kobus and M. salicifolia, and C: M. denudata, M. liliiflora, M. denudata var. purpurascens and M. quinquepeta var. gracilis. In authentic specimen analysis, we can built three cluster (A~C), and all of the species were successfully clustered three groups (A~C). In Clara analysis (Fig. 6 ), 21 authentic specimen samples were clustered three groups (A~C). In Hclust analysis (Fig. 8 ) of 21 authentic specimen samples, we also found three clustering groups, exhibiting the same result as Clara analysis (Fig. 6 ). M1~m3 samples belong to the group A, m12~m14 and m21 samples belong to the group B, and another samples belong to the group C. In Clara analysis (Fig. 7) , the commercial Chinese Magnoliae Flos samples (m22~m30) available from Korean markets were clustered together with the M. biondii group (m1~m3). The commercial samples were purchased at different market and have different producer, but m22~m30 were clustered with group A (m1~m3). Therefore, all of the commercial Chinese samples were M. biondii. It was due to only M. biondii among any other Magnolia species to contain not less than 0.4% of magnolin in C.P. Therefore, this result demonstrated that pattern recognition analysis can provide more comprehensive information for the chemical equivalency which can be omitted in the general simultaneous quantitative analyses. Thus, the pattern analysis result will be used to check the quality control of Magnoliae Flos. Also seven other Magnolia species had three different chromatographic patterns same as mentioned above (Fig. 2) . Magnolin and eudesmin were found to be the major peaks in M. biondii, whereas eudesmin and aschantin in M. kobus and M. salicifolia, and burchellin and compound 9 in M. denudata. However compounds 1-2 and 4-7 were not nearly found in M. denudata, M. liliiflora, M. denudata var. purpurascens and M. quinquepeta var. gracilis. On the other hands, compounds 8-10 were not found in M. biondii, M. kobus and M. salicifolia.
Conclusions
A rapid and optimized chromatographic method with UV detection was designed for the quality control of Magnoliae Flos, well-known Korean traditional medicine. Validation data indicates that the developed analytical methods are suitable to measure the concentration of eleven compounds to apply to pattern recognition analysis of Magnoliae Flos. The developed HPLC/UV method for quantitative analysis of major bioactive compounds, along with a pattern-recognition method, can provide the promising prospect to comprehensive quality control of Magnoliae Flos and its related herbal medicine. Our results confirm that eudesmin and magnolin can serve as the speciesspecific marker compounds to distinguish authentic M. biondii, aschantin to distinguish authentic M. kobus and M. salicifolia, and burchellin to distinguish authentic M. denudata from seven other Magnolia species in a pattern-recognition analysis. Therefore it is considered that magnolin, eudesmin, aschantin and burchellin are adequate as marker compounds of quality control to distinguish the different species of Magnoliae Flos. In the pattern recognition analysis we indicated that, all of the samples were clustered to three groups (A~C), and the commercial Chinese samples (m22~m30) available at Korean markets were clustered together with the M. biondii group (m1~m3). Therefore, all of the commercial Chinese Magnoliae Flos samples were M. biondii. HPLC fingerprinting analysis of the entire pattern of chromatographic profiles of the herbal products could serve as a complementary tool for quality control and for evaluation of quality consistency of herbal preparations. As herbal medicinal preparations have chemical complexity, it is very difficult to identify and determine all of their chemical components. Using both quantitative and fingerprint methods would be complementary approach for the quality control of the herbal preparations.
